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Weight loss and nutrient (N, P, K, Ca, Mg) changes with decomposition were examined over a 
2-year period fora variety of kinds of litter on five forest sites. Litter types included pine needles, 
leaves of four deciduous species (red maple, pin cherry, trembling aspen, and white birch), 
branches of pine and four deciduous species, understory vegetation, and partially decomposed 
forest floor material, while the study sites consisted of jack pine stands aged 16, 29, and 57 years 
and mixed hardwood stands aged 7 and 29 years. Statistically significant differences in rate of 
weight loss were found to occur, with understory and leaf litter significantly faster on the 
hardwood stands than on the pine stands, understory litter faster on the 7-year-old hardwood 
stand than on the 29-year-old stand, and forest floor material faster on the 29-year-old pine stand 
than on the 57-year-old pine stand. Among the four deciduous species examined, significant 
differences in leaf weight loss also occurred, but differences among branch litter were nonsig- 
nificant. The mass of N in samples generally decreased with decomposition, with increases 
occurring in a few cases (i.e., pine understory and needle litter). Phosphorus mass generally 
increased on the pine sites and decreased on the hardwood sites; this appeared to be largely a 
function of the low initial P concentrations of litter on the pine sites. In general, the mass of K, Ca, 
and Mg decreased in the various samples with decomposition; the loss of K from deciduous leaves 
in this study was particularly fast and was greater than other values from the literature. 
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Les auteurs ont étudié dans cing stations forestières, et au cours d'une période de 2 ans, la perte 
en poids et les modifications du contenu nutritif (N. P. K, Ca, Mg) au cours de la décomposition 
d'une variété d'espèces de litière. Les types de litière incluaient des aiguilles de pin, les feuilles de 
quatre espèces décidues (Acer rubrum, Prunus pensylvanica, Populus tremuloides et Betula 
papyrifera). des branches de pin et de quatre espëces décidues, de la végétation basse. et du 
matérieldu parterre forestier partiellement décomposé. Les stations d'études étaient situées dans 
des peuplements de P. banksiana àgés de 16, 29 et 57 ans et des peuplements de bois francs 
mélangés âgés de 7 et 29 ans. Les auteurs ont constaté des différences statistiquement significa- 
tives dans les taux de perte en poids, ces pertes étant significativement plus rapides avec le 
matériel de sous-bois et la litière foliaire dans les peuplements de feuillus que dans les peuple- 
ments de pins. La litière de sous-bois avait un taux de perte en poids significativement plus rapide 
dans la station de feuillus âgée de 7 ans que dans la station de 29 ans et le matériel du parterre 
forestier plus rapide dans le peuplement de pin âgé de 29 ans que dans celui qui était âgé de 57 ans. 
Parmi les quatre espèces décidues examinées, des différences significatives ont été observées 
également dans les pertes en poids du feuillage, mais les différences entre les litières provenant de 
rameaux n'étaient pas significatives. La masse d'azote dans les échantillons diminuait générale- 
ment au cours de la décomposition; des augmentations ont été occasionnellement observées 
(sous-bois de pin et litière d’aiguille). La masse de phosphore augmentait généralement dans les 
stations de pin et diminuait dans les stations feuillues; ceci semble être étroitement lié aux faibles 
concentrations initiales de P des litières dans les pinèdes. En général, la masse de K, de Ca et de 
Mg diminuait dans les divers échantillons au cours de la décomposition. La perte en K a été 
particulièrement rapide à partir des feuilles décidues et a atteint des taux plus élevés que ceux 
rapportés dans la littérature. 

[Traduit par le journal] 


Introduction 


The release of nutrients from forest litter through 
natural decomposition processes is recognized as 
being a very important part of the nutrient cycle 
whereby essential mineral elements tied up in the 


lPresent address: Canadian Forestry Service, Maritimes 
Forest Research Centre, P.O. Box 4000, Fredericton, N.B., 
Canada E3B 5P7. 


plant biomass are made available for further plant 
growth. The majority of litter decomposition 
studies have examined either rates of weight loss of 
various types of litter or the relationship of various 
environmental variables to these rates. Only a few 
studies have examined changes in concentration of 
the major macronutrients (N, P, K, Ca, Mg) in 
decomposing litter; these include Gosz et al. 
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TABLE 1. Forest structural characteristics of the five study sites 


Biomass, kg/ha 


Stand age, Density, Mean dbh, Basal area, Crown cover, 
Site years Stand type stems/ha cm m?/ha % Overstory Understory 
007 16 Jack pine 2320 0.9 0.3 6 1 900 4610 
022 29 Jack pine 3040 6.7 13.5 70 42 780 1730 
008 57 Jack pine 2440 10.9 24.8 67 75 110 2330 
014 7 Hardwood 12590 1.1 1.5 63 8 230 1260 
031 29 Hardwood 7680 2.4 12.2 67 40 970 1320 


(1973), Lemée and Bichaut (1973), Cromack and 
Monk (1975), and Rogers and Westman (1977). A 
larger number of researchers have looked at varia- 
tion in one or more of these elements during break- 
down: Attiwill (1968) considered P, K, Ca, and Mg, 
Thomas (1969, 1970) looked at Ca, and Anderson 
(1973b), Bocock (1963, 1964), Gilbert and Bocock 
(1960), Hayes (1965), and Howard and Howard 
(1974) have considered N. 

Confinement of litter in these studies of nutrient 
changes with decomposition was generally the 
mesh-bag technique as originally described by 
Bocock and Gilbert (1957) and Bocock et al. (1960), 
with some variation in the size of mesh used. How- 
ever, Howard and Howard (1974) used open-ended 
glass tubes containing soil and litter, thereby 
excluding both larger soil animals and small ani- 
mals such as mites and Collembola. The materials 
decomposed in the above studies generally con- 
sisted of leaves of a variety of deciduous tree 
species. Attiwill (1968), Gosz et al. (1973), and 
Thomas (1969) examined nutrient changes in small 
branches of several tree species, and Cromack and 
Monk (1975) and Hayes (1965) considered ever- 
green needles. Nutrient changes with decomposi- 
tion of understory plants has been neglected, how- 
ever, with only Howard and Howard (1974) study- 
ing two shrub species. 

The present paper describes studies further 
examining nutrient changes occurring with decom- 
position. Data on weight loss and changes in N, P, 
K, Ca, and Mg over a 2-year period are reported for 
experiments designed to test effects on decomposi- 
tion of (1) varying types of litter, including pine 
needles, leaves of four deciduous species, branches 
of pine and four deciduous species, understory 
plants, and partially decomposed forest floor mate- 
rial and (2) varying stand type, including increasing 
stand age and differing species composition. 


Materials and Methods 


Study Area 

Decomposition was studied in five forest stands in northeast- 
ern New Brunswick, Canada. All five stands were of fire origin. 
Three stands, aged 16, 29, and 57 years, consisted of pure jack 
pine (Pinus banksiana Lamb.) and the remaining two, aged 7 


and 29 years, have regenerated ina mixture of hardwood species 
including red maple (Acer rubrum L.). white birch (Betula 
papyrifera Marsh.), pin cherry (Prunus pensylvanica L.f.), and 
trembling aspen (Populus tremuloides Michx.). Descriptive 
data on stand structure are presented in Table 1. Stands will be 
referred to in later tables and figures by the site number in Table 
1. Distribution of biomass and nutrients (N, P, K, Ca, Mg) in the 
present stands were previously examined in a study of forest 
regeneration after fire (MacLean and Wein 1976, 1977a). The 
five study sites were located within a 15 x 30 km area at similar 
elevations. Topography was level (<3% slope) and very little 
microtopography variance existed. All the pine stands were site 
class 3 (Plonski 1956), and soil was well drained, medium- to 
fine-textured sandy loam or sandy loam over clay loam (Canada 
Department of Agriculture, Fredericton, N.B., unpublished 
data). 

Owing to the proximity of the Atlantic Ocean, the climate is 
temperate—humid. The study sites fall into the northern New 
Brunswick climatic region characterized by a great temperature 
range with uniform rainfall (Putnam 1940). It is a region of short, 
warm summers and long, cold winters (mean temperatures of 
— 13°C in January and 18°C in July). Data on long-term (30 years) 
monthly means of maximum and minimum temperatures and 
precipitation are presented in Fig. 1. The growing season (above 
5.5°C) of the region is about 160 days, and the average frost-free 
season is only about 90 days (Putnam 1940). In spite of a heavy 
mean annual snowfall (270cm), the mean annual precipitation is 
only 90 cm; the three summer months are generally the wettest, 
but summer rainfall is erratic and droughts may occur. 


Litter Decomposition 

The decomposition of four general types of litter was studied 
using the mesh-bag technique at each of the five study sites. 
Litter types and collection methods were as follows. 

Forest floor materials—A bulk sample of forest floor (L + F 
layers) was collected at 10 randomly selected points in each site. 

Leaf litter—Leaf (or needle) litter collection varied between 
the deciduous and pine sites. For the three pine sites, standing 
dead (brown) needles were obtained from a number of trees in 
each stand and removed from the twigs. On the hardwood sites, 
fresh leaves of each of the predominant overstory species were 
collected from a number of trees. Species examined were red 
maple and pin cherry on site 014 and red maple. pin cherry, 
white birch, and trembling aspen on site 031. 

Branch litter—Standing dead branches about 5 mm in diame- 
ter and 30-45 cm in length were collected from living trees on the 
pine sites. On the hardwood sites, dead branches of these di- 
mensions were collected from the same species studied for leaf 
litter. 

Understory litter—A random selection of live and standing 
dead understory plant materials was made on each site. These 
bulked samples consisted of proportional amounts of the various 
understory species found on the site. 

Initial collections of plant and litter materials were carried out 
on August 26, 1975, relatively late in the growing season. 
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FiG. 1. Monthly mean maximum and minimum temperatures, 
and monthly mean precipitation at Bathurst, N.B. (approxi- 
mately 30 km from the study sites) for 1931—1960 (adapted from 
Coligado et al. 1968). 


Throughout this study, decomposition on each site was studied 
using materials collected on the same site. Subsamples of ap- 
proximately 20 g of the fresh forest floor material and leaf and 
understory litter were placed in weighed 1-mm-mesh fiber-glass 
bags. 10 X 15cm in size, and the bags were closed by folding 
over the open end and stapling. Although the mesh-bag tech- 
nique using l-mm mesh has been found to underestimate ‘’true 
total decomposition`` because of exclusion of larger soil or- 
ganisms (Witkamp and Olson 1963), it was necessary to use 
small-sized mesh in the present study to minimize loss of fine 
pine needles and forest floor material. Fifteen bags of each 
material were prepared for each site, providing three replica- 
tions for each of five seasonal treatments. The litter bags and 
their contents were oven-dried for 48 h at 70°C and weighed. To 
minimize error through spillage, the methodology of Suffling and 
Smith (1974) was used. The mesh bags and any spillage on the 
balance pan were transferred into small paper bags after weigh- 
ing and transported to the field. The litter bags were then re- 
moved and secured to the undisturbed forest floor by two metal 
pins. Five bags of each material were placed at the 0-, 50-, and 
100-m points along a randomly located 100-m transect in each 
site. Any material spilled into the paper bags during transport 
was dried at 70°C for 48 h and weighed. At times of 9, 12, 14, 21, 
and 24 months after time zero (Sept. 1, 1975), three replications 
of each litter type on each site were removed from the field in 
paper bags, dried, and weighed. Spillage from field to laboratory 
was also determined. 

Owing to a natural wildfire and human tampering, it was 
necessary to restart the experiment on two of the sites, 007 and 
014. With a time zero of July !, 1976, decomposition times of 2, 
4, 11, and 14 months were examined. 

Following final weighing in the laboratory, decomposition 
samples were removed from the mesh bags, ground in a mill to 
1.0-mm size, and stored in plastic vials before nutrient analysis. 
Three subsamples of the initial bulk sample of each material on 
each site were also ground for analysis of nutrient concentra- 
tion. 

The decomposition rates of small branches were also deter- 
mined. Each branch was dried at 70°C for 48h and weighed. 
Three branches for each species on each site were analysed for 
initial nutrient concentration. Individual branches of each 
species were then tied into trotlines of five branches using 
monofilament line, and one trotline of each sampled species was 
placed on top of the forest floor in each of the three decomposi- 
tion plots per site. One branch was removed from each trotline 
and analysed for weight Joss and nutrient composition at the 
same time intervals as the mesh bags. 
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Nutrient Analyses 

All samples used for dry weight loss were individually 
analysed for total N. P, K, Ca, and Mg. Total N was analysed by 
the micro-Kjeldahl method of McKenzie and Wallace (1954). 
Analysis of Pand cations involved dry ashing at 550°C ofa 1.00-g 
ovendried sample. Phosphorus was determined colorimetrically 
by the vanadate method (Jackson 1958), and K, Ca, and Mg were 
analysed on an atomic absorption spectrophotometer. 


Results and Discussion 

Dry Weight Loss 

Dry weight losses of materials in mesh bags and 
on branch trotlines are presented in Fig. 2. Weight 
loss is shown as a percentage of the original dry 
weight to facilitate comparisons between a variety 
of litter types and decomposition sites. Each type 
of litter will be discussed individually below. How- 
ever, it should be noted that although the experi- 
ments on all five sites were initiated on the same 
date (Sept. 1, 1975), because of a natural wildfire 
and human tampering in spring 1976, it was neces- 
sary to restart the experiments on sites 007 and 014 
on July 1, 1976. The original site destroyed by fire 
was set up in an adjacent unburned area of the same 
stand. The data from these two sites must be con- 
sidered carefully in comparison with the original 
three sites since (1) the litter was collected at a 
different time of year and therefore chemical com- 
position probably varies and (2) time of year in 
which the decomposition takes place varied by 2 
months (zero times of Sept. 1 and July 1). Also, on 
the three original sites, the first sampling date was 
the following spring (9 months later) asa result of an 
unusually early and heavy snowfall making it im- 
possible to reach the relatively inaccessible study 
sites during late autumn. On the graphs of weight 
loss and nutrient changes over time, this 9-month 
period has been indicated as a linear change to help 
differentiate between curves, even though it is 
probably an exponentially shaped declining curve 
caused by an initial high leaching loss followed by 
slower decomposition. The experiments discussed 
in this paper measured the loss in weight from 
material in mesh bags, which should be similar to 
actual decomposition of the material. However, it 
is only at best an index of decomposition in situ 
under the stands, and this should be realized 
throughout this discussion. Also, this study was 
designed to examine differences in decomposition 
among different sites and types of litter. However, 
what constitutes a ‘significant’ difference in de- 
composition rates? It should be kept in mind 
throughout the following discussion that lack of a 
Statistically significant difference in decomposition 
rates may only mean that a biologically significant 
difference was not detected. 
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Understory litter 


Site Number 


Species 


A red maple 

A white birch 

a pin cherry 

O trembling aspen 


4 8 12 16 20 24 


Elapsed Time , months 


Fic. 2. Percentage of original dry weight remaining after various periods of decomposition in mesh bags and on branch 
trotlines. Values are means and standard errors of three replicate samples; fg = Sept. 1, 1975, for sites 008, 022, and 031 and 


July 1, 1976, for 007 and 014. 


It is not within the scope of this paper to discuss 
the various decomposition models and their 
shortcomings; this has previously been done by 
Anderson (1973a), Bunnell and Tait (1974), Lousier 
and Parkinson (1976), and Minderman (1968). A 
negative exponential model has been used by most 
authors, where k represents the rate constant when 
weight loss is treated as a first-order reaction: X/X, 
= et where X, = initial weight of litter (rọ) and X = 
weight of litter at time t. A second decomposition 
constant, derived from the same model, represents 
k' = 1 — X/X,. Decomposition parameters (k and 
k’), as well as half time (fo.sọ) and time to lose 95% of 
dry weight (f9.95) are presented in Table 2. One of 
the limitations of this model is that it fails to take 
into account the initial fast leaching weight loss or 
the rapid decomposition of some litter components 
relative to others and therefore underestimates oso 
and tos When using k values obtained from short- 


term experiments. This is evident in comparing to.so 
and tos values in Table 2, which were calculated 
from k values determined after 1 and 2 years of 
decomposition; the #50 values from 1-year data 
are, with the exception of certain of the branch 
data, lower by 8-39% than the values from 2-year 
data. This was also noted by Fogel and Cromack 
(1977). 


Forest Floor Material 

Weight loss of partially decomposed forest floor 
material (L + F layers) in mesh bags ranged from 14 
to 25% after 12 months and 24 to 32% after 24 
months (Fig. 2). Site 022 (29-year-old pine) samples 
lost significantly more weight (P < 0.05) than site 
008 (57-year-old pine) during the Ist year, but dif- 
ferences were not statistically significant during the 
2nd year. The younger pine (007) and hardwood 
sites lost more weight than 022 initially, but less 
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TABLE 2. Decomposition parameters for various kinds of litter in 1-mm-mesh bags and on branch 
trotlines (to = Sept. 1, 1975, for sites 008, 022, and 031 and July 1, 1976, for 007 and 014) 


Time in field, 

Litter Site months k k. l0.50 to.95 

Jack pine needles 007 11 0.307 0.245 2.3 9.8 
022 12 0.340 0.288 2.0 8.8 

022 24 0.280 0.429 2.5 10.7 

008 12 0.355 0.299 2.0 8.5 

008 24 0.228 0.366 3.0 13.2 

Red maple leaves 014 11 0.868 0.549 0.8 3.5 
031 12 0.718 0.512 1.0 4.2 

031 24 0.457 0.599 1.5 6.6 

Pin cherry leaves 014 Il 0.905 0.564 0.8 3.3 
031 12 0.813 0.557 0.8 3.7 

031 24 0.472 0.611 1.5 6.4 

Trembling aspen leaves 031 12 0.483 0.383 1.4 6.2 
031 24 0.314 0.466 2.2 9.6 

White birch leaves 031 12 0.702 0.504 1.0 6.0 
031 24 0.478 0.616 1.5 6.3 

Understory litter 007 11 0.265 0.216 2.6 11.3 
022 12 0.282 0.245 2.5 10.6 

022 24 0.206 0.337 3.4 14.6 

008 12 0. 246 0.218 2.8 12.2 

008 24 0.200 0.330 3.5 15.0 

014 11 1.254 0.683 0.6 2.4 

031 12 0.606 0.454 1.1 5.0 

031 24 0.431 0.578 1.6 7.0 

Forest floor material 007 11 0.132 0.114 5.3 22.7 
022 12 0.281 0.245 2.5 10.7 

022 24 0.203 0.334 3.4 14.8 

008 12 0.151 0.140 4.6 19.9 

008 24 0.135 0.237 5.1 22.2 

014 11 0.266 0.217 2.6 11.3 

031 12 0.215 0.194 3.2 14.0 

031 24 0.186 0.310 3.7 16.1 

Jack pine branches 007 11 0.118 0.102 5.9 25.4 
022 12 0.063 0.061 11.4 47.6 

022 24 0.035 0.068 19.8 85.7 

008 12 0.083 0.079 8.3 36.1 

008 24 0.080 0.148 8.7 37.5 

Red maple branches 014 11 0.063 0.056 11.0 47.6 
031 12 0.075 0.072 9.2 40.0 

031 24 0.114 0.205 6.1 26.3 

Pin cherry branches 014 11 0.097 0.085 7.1 30.9 
031 12 0.044 0.043 15.8 68.2 

031 24 0.061 0.114 11.4 49.2 

Trembling aspen branches 031 12 0.292 0.253 2.4 10.3 
031 24 0.197 0.326 3.5 15.2 

White birch branches 031 12 0.097 0.093 7.1 30.9 
031 24 0.193 0.320 3.6 15.5 

Note: k, XIXo = e-K; k' = 1 — (XI Xo), where Xo = initial weight of litter (to) and X = weight of litter at time 1; {0.50 


(50% decomposition time (years)) = 0.693/k; to.9s (95% decomposition time (years)) = 3/k. 


than 022 over the second 12 months. ‘Half-time’ 
values for forest floor material ranged from 2.5 to 
5.3 years, and fo.9, values ranged from 10.7 to 22.7 
years (Table 2). No other studies in the literature 
have examined decomposition rates of partially de- 
composed forest floor material, and therefore com- 
parisons cannot be made. 


Understory Litter 
Large site-to-site differences existed in weight 


loss of understory litter, with the hardwood sites 
losing 45-69% after 12 months and 58% after 24 
months versus 22-25% and 33-34% for the pine 
sites (Fig. 2). No statistically significant differences 
existed among the three pine sites but weight loss 
was significantly greater (P < 0.01) on site 031 than 
the pine sites and 014 was significantly greater (P < 
0.001) than the other four sites. ‘Half-time’ decom- 
position values for understory litter ranged from 0.6 
to 3.5 years (Table 2). 
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Species composition, cover, frequency, bio- 
mass, and nutrient mass of the understory layers of 
these stands have been reported previously (Mac- 
Lean and Wein 1977b). The understory decomposi- 
tion samples consisted of a mixture of the plants 
present on each site. The three pine stands had a 
similar understory, consisting mainly of Preridium 
aquilinum, Kalmia angustifolia, Comptonia pereg- 
rina, Vaccinium Sp., and Gaultheria procumbens. 
Minor differences among sites included the in- 
creased importance of Pteridium in the two older 
stands (022 and 008) and the predominance of 
Vaccinium on site 022. Major understory species 
on site 014 included Epilobium angustifolium, 
Maianthenuimt canadense, Cornus canadensis, 
Hieracium aurantiacum, Rubus strigosus, and 
Clintonia borealis; major species on 031 consisted 
of Pteridium aquilinum, Vaccinium sp., Maian- 
themum canadense, Cornus canadensis, Diervilla 
lonicera, Apocynum cannibinum, and Lycopodium 
clavatum. With only two species common on both 
014 and 031, it is probable that the higher rate of 
weight loss on 014 (Fig. 2) was due to species 
differences as well as possible site differences. 

Very few studies on decomposition rates of her- 
baceous or understory plants exist in the literature. 
Mangenot (1966) found weight losses of 65, 69, and 
100%, respectively, after 1 year for Vaccinium 
myrtillus, Festuca sylvatica, and Melandrium. The 
few remaining studies have been on agricultural 
materials (Bell 1974) and comparisons are probably 
not valid. 


Leaf Litter 

Weight loss of pine needle litter was approxi- 
mately 30% after 12 months and 37-43% after 24 
months (Fig. 2); no significant differences existed 
between the three sites. Hardwood leaf litter 
showed weight losses of 38-58% after 12 months 
and 47-62% after 24 months, which was signi- 
ficantly greater (P < 0.001) than the pine needle 
weight loss for all sampling dates. No Statistically 
significant differences existed between the two 
hardwood decomposition sites, but differences did 
occur among the four hardwood species examined. 
After 9 months of decomposition, weight losses 
occurred in the order pin cherry > red maple = 
white birch > trembling aspen (significant at P < 
0.01). Pin cherry, red maple, and white birch de- 
composed significantly faster (P < 0.05) than did 
trembling aspen for the duration of the experiment, 
but after 1 year in the field, no significant differ- 
ences existed among the former three species. Dif- 
ferences between the pine and hardwood leaf de- 
composition rates are further evidenced in that the 
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pine needle ‘half-times’ ranged from 2.0 to 3.0 years 
whereas the deciduous leaf values were 0.8-2.2 
years (Table 2). 

A comparison of data from the present study and 
decomposition studies from the literature is pre- 
sented in Table 3. The pine needle litter in this 
study decomposed more slowly than that in other 
studies ( half-time’ values of 1.1-1.8 years from the 
literature compared with 2.0-2.3 years from the 
New Brunswick litter), whereas decomposition of 
deciduous leaves on the New Brunswick sites was 
generally as fast, or faster, than in other regions 
(Table 3). The data in Table 3 point out that thé 
aspen woodland decomposition site in Alberta 
(Lousier and Parkinson 1976) had the slowest rate 
of weight loss of those examined. 


Branch Litter 

Weight loss of pine branches was 6-10% after 12 
months and 7-15% after 24 months (Fig. 2). No 
Statistically significant differences occurred be- 
tween the pine and hardwood series or among the 
sites of the two types. Weight loss of hardwood 
branches measured 5-25% after 12 months and 
11-33% after 24 months (Fig. 2). Trembling aspen 
branches decomposed significantly faster (P < 
0.05) than the other three hardwood species by the 
12- and 14-month sampling dates, and red maple 
branches lost significantly more weight (P < 0.05) 
than did pin cherry in the 21-month sample, but in 
general, no significant differences occurred be- 
tween species because of the relatively large varia- 
tion among samples. This may have been partly a 
function of loss of branch fragments during the 
experiment, since the branch samples were un- 
confined. 

Decomposition ‘half-times’ ranged from 5.9 to 
19.8 years for pine branches, from 9.2 to 11.0 for 
maple, 7.1 to 15.8 for cherry, 2.4 to 3.5 for aspen, 
and 3.6 to 7.1 for birch (Table 2). Branch decay 
patterns are difficult to predict beyond the time of 
the experiment because of the differential decay 
times of wood and bark. Since branches are com- 
posed of slowly decomposing wood tissue, esti- 
mates of ‘half-times’ from relatively short-term ex- 
periments would be expected to be less reliable 
than for faster decomposing leaf tissue, particularly 
if the estimates are calculated from short-term field 
experiments. Therefore fy.59 and tos values may 
appreciably overestimate actual decomposition 
rates and should be viewed as minimal estimates. 

In view of the relative ease of examining weight 
loss relations in branch decomposition, it is surpris- 
ing that so few studies are available in the literature. 
A comparison of branch litter decomposition from 


TABLE 3, Comparison of decomposition parameters for leaf and needle litter from the present study with values from the literature. In some cases, 
literature values were calculated from raw data 
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Decomposition Dry weight 
Region Tree species time, months loss, % k to.so (years) Reference 
Alberta Populus tremuloides 12 26.2 0.303 2.3 Lousier and Parkinson 1976 
Populus tremuloides 24 36.7 0.229 3.1 Lousier and Parkinson 1976 
Populus balsamifera 12 21.2 0.283 2.9 Lousier and Parkinson 1976 
Populus balsamifera 24 34.0 0.207 3.4 Lousier and Parkinson 1976 
Alaska Populus tremuloides 12 38.3 0.483 1.4 VanCleve 1971 
Populus tremuloides 24 49.1 0.337 2.1 VanCleve 1971 
Betula papyrifera 12 40.6 0.520 1.3 VanCleve 1971 
Betula papyrifera 24 53.2 0.380 1.8 VanCleve 1971 
New Hampshire Betula allegheniensis 12 42 0.85 0.8 Gosz et al. 1973 
Acer saccharum 12 60 0.51 1.4 Gosz et al. 1973 
North Carolina Acer rubrum 12 53.7 0.77 0.9 Cromack and Monk 1975 
Pinus strobus 12 36.9 0.46 1.5 Cromack and Monk 1975 
Tennessee Acer rubrum 12 55 0.799 0.9 Thomas 1970 
Pinus taeda 12 44 0.580 1.2 Thomas 1968 
Quebec Populus spp. 10 35.1 0.519 1.3 Coldwell and DeLong 1950* 
Acer saccharum 10 41.0 0.633 1.1 Coldwell and DeLong 1950 
Betula populifolia 10 41.6 0.645 1.1 Coldwell and DeLong 1950 
Finland “Birch litter” 12 37.2 0.465 1.5 Mikola 1960° 
“Birch litter” 24 56.0 0.410 1.7 Mikola 1960 
“Birch litter” 36 59.3 0.300 2.3 Mikola 1960 
“Pine litter” 12 32.7 0.396 1.8 Mikola 1960 
“Pine litter” 24 46.6 0.314 2.2 Mikola 1960 
“Pine litter” 36 54.6 0.263 2.6 Mikola 1960 
England Pinus sylvestris 12 48 0.654 1.1 Hayes 1965 
Picea sitchensis 12 37 0.462 1.5 Hayes 1965 
Abies grandis 12 37 0.462 1.5 Hayes 1965 
Oregon Pseudotsuga menziesii 24 35 0.22-0.31 2.2-3.1 Fogel and Cromack 1977 
New Brunswick Pinus banksiana 12° 24.5-29.9 0.307-0.355 2.0-2.3 Present study 
Pinus banksiana 24 36.6-42.9 0.228-0.280 2.5-3.0 Present study 
Acer rubrum 12° 51.2-54.9 0.718-0.868 0.8-1.0 Present study 
Acer rubrum 24 60.0 0.457 1.5 Present study 
Prunus pensylvanica 12° 55.7-56.4 0.813-0.905 0.8-0.9 Present study 
Prunus pensylvanica 24 61.1 0.472 1.5 Present study 
Populus tremuloides 12 38.3 0.483 1.4 Present study 
Populus tremuloides 24 46.6 0.314 2.2 Present study 
Betula papyrifera 12 50.4 0.702 1.0 Present study 
Betula papyrifera 24 61.6 0.478 1.5 Present study 


*Experiments conducted on 1/8-in.-mesh wire screens in contact with the soil. 
tMean values from experiments in eight stands. i s: 
‘Values from 11 months decomposition (sites 007 and 014) included with those of 12 months. 
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TABLE 4. Comparison of dry weight loss of decomposing branch samples on the forest floor 
in the present study with values from the literature 


Decomposition Dry weight 

Region Tree species time, months loss, % Reference 
New Hampshire Betula allegheniensis 12 32 Gosz et al. 1973 
Acer saccharum 12 27 Gosz et al. 1973 
Fagus grandifolia 12 21 Gosz et al. 1973 
Picea rubens 12 22 Gosz et al. 1973 
Abies balsamea 12 13 Gosz et al. 1973 

Australia Eucalyptus obliqua 12 11.1 Attiwill 1968 

Eucalyptus obliqua 24 18.5 Attiwill 1968 

Tennessee Cornus florida 12 35 Thomas 1969 
England Quercus Spp. 12 6.7-24.5 Swift et al. 1976 
Fraxinus excelsior 12 15.1-16.5 Swift et al. 1976 
Betula spp. 12 10.4-14.8 Swift et al. 1976 
Corylus avellana 12 15.7-28.0 Swift et al. 1976 

New Brunswick Pinus banksiana 12° 6.1-10.2 Present study 

Pinus banksiana 24 6.8-14.8 Present study 

Acer rubrum 12° 5.6- 7.2 Present study 

Acer rubrum 24 20.5 Present study 

Prunus pensylvanica 12° 4.3- 85 Present study 

Prunus pensylvanica 24 11.4 Present study 

Populus tremuloides 12 25.3 Present study 

Populus tremuloides 24 32.6 Present study 

Betula papyrifera 12 9.3 Present study 

Betula papyrifera 24 32.0 Present study 


"Values from 11 months decomposition (sites 007 and 014) included with those of 12 months. 


the present experiments and four other studies is 
shown in Table 4. Branch decomposition on these 
New Brunswick sites was generally slower than in 
other studies. Swift er al. (1976) have conducted 
one of the most comprehensive examinations of 
branch decomposition and recognized stages for 
branches still in the canopy (mean weight loss of 
8.4%/year) and on the forest floor (mean of 17.1% 
loss/year). Wood at branch fall had lost approxi- 
mately 40% of its original dry weight (Swift et al. 
1976). Decomposition of tree stem wood has been 
studied by Allison and Murphy (1962), who re- 
ported that wood and bark of hardwood decom- 
posed three to six times faster than that of conifers. 
Other studies of wood decomposition, consisting 
primarily of laboratory inoculation experiments, 
have been reviewed by Kaarik (1974). 


Nutrient Changes 

When considering nutrient changes which occur 
with decomposition processes, it is necessary to 
examine both the concentration of mineral element 
(usually expressed as a percentage of the ovendry 
weight, parts per million, or milligrams per 100 
grams) as well as the total mass of nutrient in the 
decomposing sample. The latter takes into consid- 
eration both the pattern of nutrient concentration 
and the loss in dry weight occurring over time. It is 
very important to specify clearly which ‘nutrient 
content’ one is talking about, because while con- 


centration may be increasing over time, the nutri- 
ent mass (sometimes referred to as ‘absolute’ 
amount) may very well be decreasing; this is not 
clear in a few papers found in the literature. Each 
nutrient concentration value reported in this study 
is the mean of three analyses. 


Leaf Litter 

Changes in the concentration of the five major 
macronutrients in decomposing leaf litter of five 
tree species are presented as percentages of the 
original nutrient concentration in Fig. 3. The actual 
nutrient concentration values and standard errors 
are shown in Table 5. Statistically significant dif- 
ferences occurred among many of the original nu- 
trient concentration values of the different species 
on different sites, and as emphasized in the later 
discussion, these differences appear to be biologi- 
cally significant in that different rates of change of 
nutrients in decomposing samples occurred with 
different initial concentrations. In general, the four 
hardwood tree species contained considerably 
more nutrients than the pine. Although some au- 
thors have speculated that interspecific or intra- 
specific differences in decomposition rates may be 
due to different initial nutrient contents (especially 
N), this has not been found to be strictly the case by 
Anderson (19736) and Daubenmire and Prusso 
(1963). A number of factors may locally dominate 
the leaf chemical properties in controlling decom- 
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Hardwood Leaves 


16 20 24 


Elapsed Time , months 


Fic. 3. Percentage of original nutrient concentration of leaf litter remaining after various periods of decomposition in mesh 
bags. Species and sites are symbolized as in Fig. 2. Values are means of three samples; fo = Sept. 1, 1975, for sites 008, 022, 


and 031 and July 1, 1976, for 007 and 014. 


position, including temperature and moisture con- 
ditions, trace elements, tissue physical structure, 
or toxic compounds in the litter (Anderson 19735). 
In general, a wide variety of factors, including the 
substrate chemical quality, result in the observed 
decomposition rate. 


All five tree species demonstrated similar in- 
creases in N concentration with decomposition 
(Fig. 3). Pine litter N concentration increased more 
on site 008 than on the other pine sites, but this 
appeared to be attributable to a lower initial con- 
centration; the actual magnitude of the increase 
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(final minus original) was similar, with 0.68% oven- 
dry weight (odw) increase on 008 versus 0.59% odw 
on site 022 (Table 5). Although relative increases in 
N concentration of from 45 to 60% took place dur- 
ing 24 months of decomposition (Fig. 3), only small 
increases (2%) or decreases (up to 17%) occurred in 
the absolute N mass of the samples (Table 6). In 
general, little change in N mass occurred; the in- 
creases in N concentration would seem to be a 
direct result of maintaining a similar amount of N 
while losing dry weight. Similar results were re- 
ported in other studies of N changes with needle 
litter decomposition (Cromack and Monk 1975; 
Hayes 1965). 

The increase in N concentration of deciduous 
leaf litter ranged from 43 to 90% after 2 years (Fig. 
3). Increases on site 014 (7-year-old stand) were 
generally greater than those on 031 (29-year-old 
stand) for the two species examined on both. Figure 
3 demonstrates that among the four species 
examined on site 031, trembling aspen had smaller 
increases in N concentration over the entire 24 
months than red maple, white birch, or pin cherry, 
which were roughly similar; this may be attributa- 
ble to a higher initial N concentration in trembling 
aspen leaves (Table 5). The concentration in- 
creases Observed in leaf litter were the result of 
losing N more slowly than losing dry weight, since 
losses of 18-26% of the original N mass occurred 
among the four species (Table 6). 

Values from other studies of nutrient changes 
with decomposition of leaf litter are summarized 
with values from the present experiment in Table 6. 
A number of studies have found increases in N 
concentration (Coldwell and Delong 1950; Ander- 
son 1973b; Howard and Howard 1974) or in the 
mass of N in decomposing samples of various 
species (Gilbert and Bocock 1960; Bocock 1964; 
Anderson 19736; Gosz et al. 1973; Howard and 
Howard 1974). Bocock (1963) conducted experi- 
ments designed to elucidate the source of the N 
addition and concluded that atmospheric precipita- 
tion, insect frass, and plant material which fell from 
the tree canopy were the main sources. Neither the 
soil fauna nor the soil microflora were important 
sources of N; the addition of N-rich material did not 
accelerate decomposition in the Ist year after litter 
fall. Gosz et al. (1973) felt that a N demand by the 
active heterotrophs was also involved. No absolute 
increases in N mass were recorded for deciduous 
litter in this study, probably because a small- 
sized-mesh bag was used. Samples in the present 
study were enclosed in |-mm-mesh bags, whereas 
Gosz et al. (1973) used 3-mm mesh, Bocock (1963, 
1964) and Gilbert and Bocock (1960) used 10-mm 
mesh, and Anderson (19735) used pooled samples 


TABLE 5. Nutrient concentrations (% ovendry weight) of decomposing leaves and branches of five tree species after various periods of exposure in mesh bags (leaves) or on 


3 


trotlines (branches) on the forest floor of five stands. Means and standard errors (SX) are presented; sample size 
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TABLE 6. Comparison of nutrient changes during decomposition of leaf litter in the present study with data from the literature. Results 
are presented as percentage of the original nutrient mass remaining after various periods of decomposition 


Decomposition 


Nutrient mass remaining, % 


Region Tree species time, months N P K Ca Mg Reference 
New Hampshire Betula allegheniensis 12 118 —* 26 47 12 Gosz et al, 1973 
Fagus grandifolia 12 147 — 34 53 37 Gosz et al. 1973 
Acer saccharum 12 166 — 18 75 61 Gosz et al. 1973 
North Carolina “Mixed hardwood litter” 12 88 66 17 71 23 Cromack and Monk 1975 
Pinus strobus 12 100° 100° 18 100° 32 Cromack and Monk 1975 
France Fagus sylvatica 12 103° 77 30 66 63 Lemée and Bichaut 1973 
Fagus sylvatica 24 534 57 18 38 35 Lemée and Bichaut 1973 
Quercus petraea 12 137 63 45 84 45 Lemée and Bichaut 1973 
Quercus petraea 22 71 38 21 34 30 Lemée and Bichaut 1973 
Carpinus betulus 12 93 87 34 74 84 Lemée and Bichaut 1973 
Carpinus betulus 24 55 50 13 48 70 Lemée and Bichaut 1973 
Australia Eucalyptus obliqua 12 ND* 75 12 82 57 Attiwill 1968 
Eucalyptus obliqua 24 ND 48 8 65 38 Attiwill 1968 
New Brunswick Pinus banksiana (007) 11 92 66 11 61 55 Present study 
Pinus banksiana (022) 12 85 148 22 47 43 Present study. 
Pinus banksiana (022) 24 83 133 18 31 37 Present study 
Pinus banksiana (008) 12 103 188 17 80 63 Present study 
Pinus banksiana (008) 24 102 185 17 50 68 Present study 
Acer rubrum (014) 11 81 42 6 60 33 Present study 
Acer rubrum (031) 12 77 25 6 41 26 Present study 
Acer rubrum (031) 24 78 23 5 50 17 Present study 
Prunus pensyloanica (014) 11 78 20 2 32 13 Present study 
Prunus pensylvanica (031) 12 74 26 3 65 26 Present study 
Prunus pensylvanica (031) 24 74 18 2 43 12 Present study 
Populus tremuloides (031) 12 82 50 7 69 54 Present study 
Populus tremuloides (031) 24 77 41 3 62 27 Present study 
Betula papyrifera (031) 12 80 38 7 72 44 Present study 
Betula papyrifera (031) 24 74 33 4 62 21 Present study 


“Values were determined and stated to be similar to the pattern of N but not quantified in the paper. 


+Results were given only as “no significant loss of nutrient. 
cMeans of determinations on six sites. 

4Means of determinations on two sites. 

ND = not determined. 

fSite number for the present study. 


from 7-mm, 1-mm and 48-um mesh. Obviously, a 
larger mesh size allows entry to more insect frass, 
green plant litter fall, etc. 

Phosphorus concentration showed different pat- 
terns among the pine and hardwood site types. The 
two older pine sites demonstrated substantial in- 
creases in P concentration, the younger pine site 
(007) had a slightly decreased P concentration, but 
the hardwood species lost approximately 30-60% 
of the original P concentration during the first 21 
months of decomposition (Fig. 3). Differences 
among the three pine sites may be attributable to 
original concentration, which was over twice as 
high on 007 (Table 5). Among the four deciduous 
species, pin cherry and red maple P concentration 
decreased faster than trembling aspen and white 
birch, but this also seemed to be a result of a higher 
initial concentration in the former two species; 
after 21 months of decomposition, P concentration 
was similar among the four species, at 0.13—0. 14% 
odw (Table 5). The P concentration changes were 


reflected in changes in the P mass in the decompos- 
ing samples (Table 6), with increases occurring on 
the two older pine stands and decreases on the 
youngest pine stand and the deciduous stands. Ab- 
solute losses of P from deciduous litter in New 
Brunswick was higher than for other studies in the 
literature (Attiwill 1968; Cromack and Monk 1975; 
Lemée and Bichaut 1973; results are summarized in 
Table 6), indicating that P is recycled rapidly in 
these species. Gosz et al. (1973) stated that P mass 
increased similar to their results for N; initial P 
concentration was significantly lower in leaf litter 
from the Hubbard Brook study, ranging from 0.02 
to 0.06% odw as compared with the 0.17-0.36% 
odw reported for deciduous leaves in Table 5. Con- 
centrations after 1 year of decomposition ranged 
from 0.10 to 0.14% (Hubbard Brook) and 0.14 to 
0.22% (New Brunswick). 

Potassium concentration decreased rapidly on 
both pine and hardwood sites for all types of litter 
(Fig. 3). Losses from the hardwood leaves were 
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greater than from pine needles because of substan- 
tially higher initial K concentrations (and therefore, 
a greater amount of K to leach out). These large 
decreases in K concentration resulted in absolute 
losses of the K mass in the decomposing samples 
occurring in all cases (Table 6). After 2 years of 
decomposition, pine needle litter had 17-18% of 
the original K mass remaining, while deciduous leaf 
litter had only 2-5% left. Pin cherry showed the 
largest absolute losses of K of the four deciduous 
species. The range of values of K loss from pine 
needles in the present study encompass the value 
for Pinus strobus needles of Cromack and Monk 
(1975), but loss of K from New Brunswick decidu- 
ous leaves was substantially higher than other val- 
ues from the literature (Summarized in Table 6). 

A variety of increases and decreases from the 
original Ca concentrations occurred (Fig. 3). 
Among the pine sites, 022 showed gradual de- 
creases to 50% of the original concentration after 24 
months, whereas 007 and 008 increased slightly 
initially and then decreased. Large differences in 
the initial Ca concentration were present among the 
three sites, with 022 far higher; the 022 actual Ca 
concentration was higher after 24 months of de- 
composition than the 008 value initially (Table 5). 
Although the four deciduous species showed 
somewhat erratic patterns of Ca concentration 
changes, values were all equal to or greater than the 
initial value after 24 months of decomposition (Fig. 
3). Absolute losses of the Ca mass in samples oc- 
curred in all cases, similarly to most values from the 
literature cited in Table 6. The deciduous litter 
values were also similar to the Acer rubrum data of 
Thomas (1970) but slightly higher than the values 
reported for Cornus florida (Thomas 1969). 

The magnesium concentration generally de- 
creased with decomposition for both pine and de- 
ciduous leaf litter (Fig. 3). During the 14- to 21- 
month period, increases in Mg concentration oc- 
curred on the two oldest pine sites; these resulted in 
small increases in the absolute Mg mass in samples. 
Overall, however, decreases in the absolute Mg 
mass took place; after 2 years, pine litter contained 
37-68% of the original Mg while deciduous leaf 
litter contained 12-27%. These losses were similar 
to, or greater than, other values from the literature 
(Table 6). 

To sum up the nutrient changes observed in de- 
composing leaf litter samples, the deciduous 
species demonstrated absolute losses of all five nu- 
trients with decomposition; the relative order of 
increasing mobility from decomposing samples was 
K > Mg > P> Ca > N. On the other hand, decom- 
posing pine needles showed absolute gains of N and 
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P on some of the sites. These increases were very 
small for N (2-3%) but ranged from 33 to 88% of the 
P in samples on the two older pine sites. The fact 
that the youngest pine stand showed losses of 34% 
of the original P while the two older sites demon- 
strated substantial increases may very well be due 
to the differences in initial P concentration, which 
was over twice as high on the youngest stand, since 
the P supply may be bound more strongly by mi- 
croorganisms When it is in very short supply. In- 
creasing mobility of nutrients from decomposing 
pine needles was in the order K > Ca > Mg > N z 
P. 


Branch Litter 

Although small branches may form a substantial 
proportion of the annual litter fall (2-28% on pine 
and hardwood stands in this region, depending on 
stand age (MacLean and Wein 1978), while Gosz 
et al. (1972) cited 22% for a deciduous forest in 
New Hampshire), few studies in the literature 
have examined decomposition of these materials. 
Changes in nutrient concentration of branches of 
jack pine, red maple, pin cherry, trembling aspen, 
and white birch are presented in Fig. 4 and Table 5. 
Both pine and hardwood showed a variety of in- 
creases and decreases from the original N concen- 
tration (Fig. 4). Absolute increases in N mass oc- 
curred in a few instances, but in most cases, losses 
of N from the decomposing branches took place 
(Table 7). Gosz et al. (1973) found that the N con- 
centration of branches of three deciduous species 
increased for 8-10 months and then decreased; 
both the concentration and the absolute amount 
increased initially. Since weight loss with decom- 
position of branch samples is relatively low, it isnot 
surprising that absolute increases in nutrient mass 
may occur. À relatively small nutrient addition 
(probably absorbed from atmospheric precipita- 
tion) more than overcomes the small nutrient losses 
occurring With weight loss. 

Phosphorus concentrations increased over the 
original values for all samples except trembling 
aspen and red maple on site 014 (Fig. 4). The sam- 
ples showing smaller or no increases were invariably 
those with a higher initial concentration (Table 5); 
the initial P concentration was very low in many 
cases. All species except trembling aspen showed 
absolute increases in the P mass of samples, often 
of the magnitude of two to four times (Table 7). 
Other studies of P changes with branch decomposi- 
tion have demonstrated leaching losses of 30-40% 
during the Ist year (Attiwill 1968; Gosz et al. 1973). 
The difference between the present study and these 
others may be associated with initial P concentra- 
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Hardwood Branches 


Elapsed Time , months 


Fic. 4. Percentage of original nutrient concentration of branch litter remaining after various periods of decomposition. 
Species and sites are symbolized as in Fig. 2. Values are means of three samples; fg = Sept. 1. 1975, for sites 008, 022, and 031 


and July 1, 1976, for 007 and 014. 


tion, which was generally much lower in New 
Brunswick branch tissues (Table 5) than in the 
branches examined by Attiwill (1968) and Gosz et 
al. (1973). Intuitively, it seems possible that when P 
is in very short supply, it would be bound more 
tightly and show large relative increases from in- 
puts, whereas when it was abundant, it might be 
more easily lost. 


Both the concentration and the absolute mass of 
K decreased with decomposition (Fig. 4, Tables 5 
and 7). Pine (site 007) and white birch temporarily 
increased their concentration but then also de- 
creased. After 1 year, 37-57% of the original K in 
the pine branches and 14—41% in the deciduous 
branches remained, whereas after 24 months, 
47-76 and 12-25%, respectively, remained. These 
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TABLE 7. Percentage of the actual nutrient mass remaining after various periods of decomposition for samples of branch and under- 
story litter and forest floor material 


Nutrient mass remaining, % 


Decomposition 


losses were similar to those of Gosz et al. (1973) and 
somewhat higher than those of Attiwill (1968). 

Branch Ca concentrations decreased on the pine 
sites and showed erratic results on the deciduous 
sites (Fig. 4). Changes in Mg concentrations were 
also very erratic. Original Ca and Mg concentra- 
tions were highest by far for trembling aspen (Table 
5). In general, the absolute Ca and Mg mass in 
samples decreased with decomposition, similar to 
the literature results of Attiwill (1968), Thomas 
(1969), and Gosz et al. (1973), but absolute in- 
creases occurred in some cases (Table 7). 


In summary, nutrient changes with decomposi- 
tion in branches were generally similar for pine and 
hardwood samples, with absolute losses of K of the 
greatest magnitude. Losses of N, Ca, and Mg also 
generally occurred, although gains appeared for 
some samples relative to the initial composition. 
However, large gains of P occurred in all cases 
except for trembling aspen; the original P concen- 
tration in these branch samples was very low and 
therefore the magnitude of input (which was proba- 


Site Material time, months Nitrogen Phosphorus Potassium Calcium Magnesium 
007 Pinus banksiana branch H 140 147 37 59 74 
02 Pinus banksiana branch 12 77 282 57 85 72 
02 Pinus banksiana branch 24 81! 267 76 45 77 
08 Pinus banksiana branch 12 64 299 41 36 70 
008 Pinus banksiana branch 24 82 325 47 40 64 
014 Acer rubrum branch 11 96 46 14 89 84 
031 Acer rubrum branch 12 99 302 35 77 73 
031 Acer rubrum branch 24 134 425 20 113 94 
014 Prunus pensylvanica branch 11 152 165 19 113 124 
031 Prunus pensylvanica branch 12 85 117 36 39 88 
031 Prunus pensyloanica branch 24 76 167 21 64 123 
031 Populus tremuloides branch 12 98 90 41 58 81 
01 Populus tremuloides branch 24 71 53 12 103 38 
031 Betula papyrifera branch 12 110 254 41 120 97 
031 Betula papyrifera branch 24 83 200 25 84 76 
07  Understory litter 11 105 132 14 48 84 
022 Understory litter 12 111 123 11 53 67 
022 Understory litter 24 114 130 11 64 59 
008 Understory litter 12 101 179 14 58 99 
008 Understory litter 24 93 174 13 53 91 
014 Understory litter 11 53 16 2 30 14 
031 Understory litter 12 86 26 3 86 70 
031 Understory litter 24 75 23 l 44 21 
007 Forest floor material 11 98 79 29 90 71 
022 Forest floor material 12 95 226 47 69 92 
022 Forest floor material 24 93 219 44 71 158 
008 Forest floor material 12 100 224 38 74 73 
008 Forest floor material 24 88 212 47 67 81 
014 Forest floor material 11 85 129 21 73 62 
031 Forest floor material 12 91 60 48 67 95 
031 Forest floor material 24 88 61 31 72 72 


bly from precipitation) required to demonstrate 
large relative gains was also low. 


Understory Litter 

Decomposition of understory litter and con- 
comitant nutrient changes have been virtually 
completely neglected in the literature yet under- 
story plants are known to be important in increas- 
ing the total amounts of organic matter and nutri- 
ents in litter fall (Carlisle et al. 1967; MacLean and 
Wein 1978; Scott 1955; Tappeiner and Alm 1975). 
Understory vegetation may also contain a consid- 
erable portion of the nutrient reserves of a stand, 
even where the tree layer is well developed and 
appears most important. As an example, on site 008 
in this study (a 57-year-old jack pine stand), the 
understory plants contained 7-11% of the above- 
ground N, P, Ca, and Mg and 31% of the above- 
ground K, where ‘aboveground’ nutrient = tree + 
understory + litter (L) layer nutrient (MacLean and 
Wein 1977a). 

The N concentration of understory litter in- 
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Fic. 5. Percentage of original nutrient concentration of understory litter remaining after various periods of decomposition 
in mesh bags. Values are means of three samples; fy = Sept. 1, 1975, for sites 008, 022, and 031 and July 1, 1976, for 007 and 


014. 


creased by 30-70% during the Ist year and by 
38-79% after 24 months (Fig. 5). Site 014 under- 
story showed the greatest increases and also had 
the highest original N concentration (Table 8). 
Small absolute increases in N mass occurred on the 
pine sites during decomposition, but decreases 
took place on the deciduous sites (Table 7); this was 
aresult of the statistically significant greater weight 
losses on the latter site type (Fig. 2). 

Changes in P concentration with decomposition 
were particularly interesting as clear-cut pattern 
differences existed between the pine and hardwood 
sites. The pine sites showed P concentrations 
which were 100-160% higher than the original 
value after 2 years of decomposition, whereas the 
hardwood sites had decreased values by 50% (Fig. 
5). The original P concentration of the hardwood 
sites understory was significantly higher (P < 
0.001) than that of the pine sites (Table 8). The 
differences in these original P concentrations 


would be expected to reflect either site differences 
or species differences; however, the average 
amounts of available soil P were very similar on 12 
pine and 11 hardwood stands in this area (MacLean 
and Wein 1977a), so the variation is probably due to 
the understory species differences discussed pre- 
viously. The absolute P mass increased by 23— 
79% over the original value on the pine sites and 
decreased by 74-84% on the deciduous sites 
(Table 7). 

All five sites showed extreme losses of under- 
story K ina short period of time, losing 80% of the 
original K concentration in 2-11 months (Fig. 5). 
Original K values again showed the hardwood un- 
derstory to hold a greater nutrient capital. Large 
absolute K losses also occurred, with only 11-14% 
and 1-3% of the original K mass remaining after 
12-24 months on the pine and hardwood sites, re- 
spectively (Table 7). After 2 years of decomposi- 
tion, understory Ca concentrations were relatively 
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Fic. 6. Percentage of original nutrient concentration of forest floor material remaining after various periods of decomposi- 
tion in mesh bags. Values are means of three samples: 1, = Sept. 1, 1975, for sites 008, 022, and 031 and July 1, 1976, for 007 


and 014. 


similar to the original values (Fig. 5), but the Ca 
mass had declined by 36-56% (Table 7). Mag- 
nesium in the understory litter was the most erratic 
of the five elements examined (Fig. 5), but de- 
creases in the absolute Mg mass of samples oc- 
curred with decomposition in all cases (Table 7). 


Forest Floor Material 

The forest floor material examined in this study 
was a mixture of fresh litter and partially decom- 
posed litter (L + F layers) collected from each site. 
Therefore, it is a mixture of the three other types of 
litter (leaves, branches, and understory), and its 
decomposition rate and nutrient changes should 
reflect site differences and differences in chemical 
quality between sites. 

Concentration of N in the decomposing forest 
floor material showed increases of 12-25% after 1 
year and 15-40% after 2 years on all five sites (Fig. 
6). In general, variation in N concentrations was 


quite low, with standard errors usually substan- 
tially less than 10% of the mean (Table 8). Small 
decreases in the absolute N mass (of up to 15% of 
the original value) occurred (Table 7), indicating 
that N is lost from the samples at a slower rate than 
weight. 

Concentration of P in forest floor material gener- 
ally followed the pattern previously found for leaf 
and understory litter, increasing on the pine sites 
(022 and 008) with decomposition but decreasing on 
031 (Fig. 6). At variance with the earlier results, 014 
increased somewhat and 007 decreased slightly. A 
similar pattern occurred for changes in P mass in 
samples, with those on sites 022 and 008 doubling 
with decomposition and 014 samples showing slight 
increases while 007 and 031 samples lost P with 
decomposition (Table 7). 

All five sites showed decreased K concentration 
in decomposing forest fioor material but with dif- 
ferent patterns (Fig. 6). Site 031 decreased very 
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slowly over the first 9 months in the field (autumn 
and winter), with 98% of the original K concentra- 
tion remaining at that time, but rapid losses then 
occurred during the following summer, autumn, 
and winter. In contrast, the other four sites lost K 
rapidly during the initial 9 months decomposition. 
Original concentration of K in the forest floor mate- 
rial ranged from 0.11 to 0.15% odw, and concentra- 
tions after 24 months of decomposition were 
0.06-0.07% (Table 8). Since K is the most mobile of 
the five nutrients examined, it is not surprising that 
initial forest floor concentrations were far lower 
than initial leaf and understory litter concentra- 
tions. Decreases in the absolute mass of K in the 
forest floor samples invariably occurred (Table 7) 
but were lower than those previously noted for leaf 
and understory litter. 

Calcium concentration decreased by up to 20% 
during the Ist year and up to 30% after 21 months 
(Fig. 6). Increases in Ca occurred during the 21- to 
24-month period; this may have been a seasonal 
effect during the summer months. Ca mass de- 
creased in all samples by 10-33% (Table 7). The 
original Ca concentration varied greatly between 
the hardwood and pine forest floor material, with a 
range of 0.29-1.38% (Table 8). 

Magnesium concentration changes showed a var- 
iety of responses among sites. Sites 007, 008, 014, 
and 031 generally decreased both concentration 
and Mg mass, although concentration increases 
from one sampling period to the next showed up in 
various cases (Fig. 6). Site 022, however, showed 
increased Mg concentration and mass over the orig- 
inal value, resulting in 235% of the original Mg 
concentration and 158% of the original Mg mass 
after 24 months. This increase may be partly a 
result of the low original Mg concentration (Table 
8). 


Conclusions 


In this study, decomposition rates and nutrient 
changes of a wide variety of materials on five 
forested sites have been examined. These sites 
were chosen to exhibit increasing stand age (with 
many concomitant stand structural differences) for 
both pine and hardwood regeneration series. A 
number of statistically significant differences be- 
tween and among the stands of the two series oc- 
curred. Decomposition of both understory and leaf 
litter was significantly faster (P < 0.01 and 0.001, 
respectively) on the hardwood than the pine sites; 
this is probably because of the initially different 
chemical quality of the materials from the different 
sites and would result in less accumulation of these 
materials on the hardwood sites. Understory litter 
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decomposition was also substantially faster (about 
40% greater weight loss after | year) on the 7-year- 
old hardwood stand than on the 29-year-old stand, 
which is significant statistically (P < 0.001) and 
probably significant biologically, but no differences 
occurred among the three pine sites. No significant 
differences (P < 0.05) in weight loss were exhibited 
for leaf decomposition among the pine and hard- 
wood series or for branch litter either among or 
between the two series. Weight loss of forest floor 
material was significantly faster (P < 0.05) on the 
29-year-old pine stand than on the 57-year-old 
stand during the Ist year only; no other differences 
in forest floor decomposition were detected be- 
tween or among the two series. 

Statistically significant differences in rates of 
weight loss between species also occurred. 
Hardwood leaves of four species decomposed fas- 
ter (P < 0.001) than pine needles, but no.differences 
were exhibited between branches of these species. 
Among the four deciduous species examined on the 
29-year-old stand, rates of weight loss from leaves 
after 9 months were in the order pin cherry > red 
maple = white birch > trembling aspen (P < 0.01); 
after 24 months, the former three species were still 
significantly greater than trembling aspen (P < 
0.05). In general, decomposition rates were more 
variable for branches than for leaf litter, and the 
only significant differences among the four decidu- 
ous species were trembling aspen > the other three 
species (P < 0.05) for the 12- and 14-month sam- 
pling dates and red maple > pin cherry (P < 0.05) 
after 21 months. 

Decomposition is controlled by a multiplicity of 
factors including those resulting in changes in the 
forest floor temperature and moisture regimes, 
substrate quality, and microbial and soil animal 
populations. In very general terms, however, de- 
composition might be expected to occur at a faster 
rate in the younger forest stands in this study than 
in the older stands because of the moderating effect 
of crown closure on forest floor temperature. In- 
creasing stand age on the two series of stands de- 
creased rates of weight loss only in a few cases, 
even though crown cover increased dramatically 
on the older stands of the pine series (Table 1). The 
major differences in this study occurred between 
different site types (i.e., pine versus hardwood) and 
among the variety of tree species contributing lit- 
ter. This would seem to indicate that in a specific 
geographical region, differences among site and 
substrate types may be more important in control- 
ling decomposition rates than the changes which 
occur with increasing stand age, at least for the 
relatively young stands examined in this study. As 
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stands age further, however, increased crown 
coverage and other factors may result in slower 
decomposition (particularly in northern regions), 
creating a buildup of forest floor layers which tie up 
nutrients and decrease productivity. 

Nutrient changes with decomposition include 
both the concentration and mass of mineral element 
in the sample. While the concentration of N in- 
creased with decomposition in virtually all the 
materials examined, the absolute mass of N gener- 
ally decreased, with increases occurring in only a 
few samples (i.e., pine understory and needle lit- 
ter). The decrease in N mass occurs because the 
rate of weight loss is greater than the concentration 
increase; however, numerous studies in the litera- 
ture have noted absolute N mass increases, which 
may result from atmospheric precipitation, insect 
frass, and plant material falling from the tree 
canopy (Bocock 1963) or possibly from N demand 
by the active heterotrophs (Gosz et al. 1973). Phos- 
phorus concentration and mass generally increased 
on the pine sites and decreased on the hardwood 
sites. The major exception to this was that branch 
litter of all species except trembling aspen in- 
creased both P concentration and mass during de- 
composition; this was at variance with other 
studies in the literature which have shown leaching 
losses of P from branch litter. The absolute losses 
of P mass from the deciduous leaves were greater 
than any reported literature values. In general, both 
concentration and mass of K, Ca, and Mg de- 
creased in the various samples with decomposition. 
Calcium and Mg were the most erratic of the ele- 
ments examined, occasionally showing sharp in- 
creases and decreases from one sampling date to 
another. Decreases in the K mass were the fastest 
and most extensive of the five elements; similar to 
P, the loss of K from deciduous leaves in this study 
was greater than for other values from the litera- 
ture. 

The final nutrient concentration after a period of 
decomposition is dependent upon the rate of weight 
loss, initial nutrient concentration, mobility of the 
nutrient in question, and the critical nutrient re- 
quirements of microorganisms and other break- 
down agents. Although it has been shown that litter 
chemical quality may be locally dominated by a 
variety of factors in controlling decomposition 
(Anderson 19735), many instances occurred in this 
study where initial nutrient composition appeared 
to be important in controlling nutrient changes. For 
example, initial P concentrations of leaf litter, un- 
derstory litter, and forest floor material were sig- 
nificantly higher (P < 0.01) on the hardwood sites 
than on the pine sites, and the pattern of P change 
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differed greatly between the two series. Phos- 
phorus concentration generally increased on the 
pine sites and decreased on the hardwood sites. 
However, the magnitude of the initial difference in 
P concentration of samples between the two series 
was such that the concentration values were often 
similar following periods of decomposition. There- 
fore, it would seem that on these stands, the initial 
chemical quality and microorganism demand play a 
large role in determining the rate of nutrient fluxes 
with decomposition. This would result in a high 
degree of feedback in the system, since nutrients 
would be held more tightly when in short supply 
than when abundant and thus would help to 
minimize nutrient losses from the ecosystem. 
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